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d e b a t e d . S o m e h a v e a r g u e d t h a t c h r y s o t i l e a s b e s t o s h a s a s i g n i f i c a n t b u t c o m p a r a t i v e l y
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o p e r a t i o n s t h a n l a t e r o p e r a t i o n s o f a c hr y s o t i l e a s b e s t o s t e x t i l e p l a n t . (D e m e n t a n d
W a l l i n g f o r d 19 9 0 ; D e m e n t a n d o t h e r s 2 0 0 7 ) Su b s e q u e n t a n a l y s i s i n d i c a t e d t h a t w o r k e r s i n
p r e p a r a t i o n a n d c a r d i n g (e a r l y o p e r a t i o n s ) w e r e a t l o w e r r i s k f o r l u n g c a n c e r t h a n t h o s e i n
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T h e c u r r e n t r e s e a r c h a i m s t o fo c u s a n a l y s i s o n fi b e r d o s e . A t t e m p t s t o a s s e s s d o s e
h a v e g e n e r a l l y b e e n d i r e c t e d t o w a r d l u n g d e p o s i t i o n . T h e r e ar e t h r e e d e p o s i t i o n z o n e s
—
n a s o p h a r y n g e a l (N A SO ) , t r a c h e o b r o n c h i a l (T R A C H ), a n d p u l m o n a r y (P U L ) . T h e m o s t
o ft e n c i t e d l u n g m o d e l m a t h e m a t i c a l l y d e s c r i b e s t h e d i c h o t o m o u s s y s t e m o f a i r w a y s a n d
c o n s i s t s o f 2 4 s u c c e s s i v e g e n e r a t i o n s (0 - 2 3 ) o f d a u g h t e r p a i r s b e g i n n i n g a t t h e t r a c h e a a n d
e n d i n g a t t h e a l v e o l i . (W e i b e l 19 6 3 ) T h e n a s o p h a r y n g e a l d e p o s i t i o n z o n e i s d e fi n e d a s t h e
n o s e
,
m o u t h , s i n u s e s , a n d t h r o a t t o t h e e p i g l o t t i s , o r p r e - g e n e r a t i o n 0 . G e n e r a t i o n s 0 t hr o u g h
16 c o r r e s p o n d t o t h e t r a c h e a t h r o u g h t h e t e r m i n a l b r o n c h i o l e s a n d a r e c l a s s i f i e d a s t h e
t r a c h e o b r o n c h i a l d e p o s i t i o n z o n e . P u lm o n a r y d e p o s i t i o n r e f e r s t o g e n e r a t i o n s 1 7 th r o u g h 2 3
a n d s p a n s t h e r e s p i r a t o r y b r o n c h i o l e s t o t h e a l v e o l i . (B a t e s a n d o t h e r s 1 9 6 6 ; W e ib e l 1 9 6 3 )
T h e r e a r e t h r e e d e p o s i t i o n m e c h a n i s m s t h a t a p p l y t o s p h e r i c a l a n d fi b r o u s p a r t i c l e s
a l i k e — im p a c t i o n , s e d im e n t a t i o n , a n d d i f f u s i o n . I n a dd i t i o n , i n t e r c e p t i o n i s a fo u r t h
m e c h a n i s m , w h i c h i s m e a n i n g fi i l o n l y f o r fi b e r d e p o s i t i o n . Im p a c t i o n r e f e r s t o w h e n t h e
i n e r t i a o f a p a r t i c l e i n t h e a i r s t r e a m r e s u l t s i n d e p o s i t i o n , u s u a l l y a t a i r w a y t u r n s a n d
b i f u r c a t i o n s . I m p a c t i o n i s r e s p o n s i b l e f o r t h e d e p o s i t i o n o f m o s t l a r g e p a r t i c l e s t h a t e n t e r t h e
a i r w a y . I t i s t h e p r im a r y m e c h a n i s m o f d e p o s i t i o n i n t h e n a s o p h a r j T i g e a l z o n e a n d u p p e r
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f o r c e o n t h e p a r t i c l e i s g r e a t e r t h a n r e s i s t a n c e o f f e r e d b y t h e a i r . T h i s m e c h a n i s m i s t h e m o s t
im p o r t a n t i n t h e l o w e r t r a c h e o b r o n c h i a l a n d p u lm o n a r y z o n e s w h e r e a i r f l o w s a r e w e a k
e n o u g h t o p e r m i t g r a v i t a t i o n a l s e t t l i n g .
D i f f u s i o n r e f e r s t o a i r m o l e c u l e s b o m b a r d i n g a p a r t i c l e r e s u l t i n g i n sm a l l m o v e m e n t s
t h a t u l t i m a t e l y l e a d t o d e p o s i t i o n o n a l v e o l a r w a l l s . T h i s m e c h a n i s m i s r e s p o n s i b l e f o r
d e p o s i t i o n o f v e r y s m a l l p a r t i c l e s i n v e r y l o w - f l o w e n v i r o n m e n t s , t h u s , i t p r e d o m i n a t e s i n t h e
a l v e o l a r r e g i o n s o f t h e l u n g .
D e p o s i t i o n b y i n t e r c e p t i o n i s r e l i a n t u p o n t h e i n h e r e n t d i m e n s i o n s o f fi b e r s . A s f i b e r s
a r e c ar ri e d b y t h e a i r fl o w , t h e i r a n g l e r e l a t i v e t o t h e fl o w m a y c h a n g e . A t t im e s , t h e fi b e r
l e n g t h i s p a r a l l e l t o t h e fl o w d i r e c t i o n . T h i s c a n r e s u l t i n a fi b e r m u c h l o n g e r t h a n t h e
t r a n s p o r t i n g a i r w a y
'
s d i a m e t e r m o v i n g t h r o u g h t h e r e s p i r a t o r y s y s t e m . H o w e v e r , s o m e t im e s ,
t h e s e fi b e r s m a y r o t a t e w h e n m o v i n g w i t h i n t h e a i r fl o w , s o t h a t t h e y a r e t o o w i d e f o r t h e
a i r w a y , r e s u l t i n g i n d e p o s i t i o n . St r a i g h t a n d ri g i d fi b e r s , s u c h a s g l a s s a n d , t o a l e s s e r e x t e n t ,
a m p h ib o l e a s b e s t o s a r e l e s s p r o n e t o t h i s i n v e r s i o n . T h e s e r p e n t i n e a n d fl e x i b l e c h r y s o t i l e
a s b e s t o s fi b e r s a r e m o r e s u s c e p t i b l e t o t h i s i n v e r s i o n a n d , t h e r e f o r e c h r y s o t i l e
'
s o ri e n t a t i o n i n
t h e a i r w a y i s c l a s s i fi e d a s r a n d o m . (T i m b r e l l 19 6 5 ) T h i s m e c h a n i s m o c c u r s t hr o u g h o u t t h e
r e s p i r a t o r y s y s t em b u t h a s a n e s p e c i a l l y l a r g e e f f e c t o n l o n g , t h i n fi b e r s i n t h e
n a s o p h a r y n g e a l c o m p a rt m e n t .
F i b e r d e p o s i t i o n m o d e l s h a v e b e e n d e v e l o p e d , w h i c h c a l c u l a t e d e p o s i t i o n fr a c t i o n s
b a s e d u p o n c e rt a i n p a r a m e t e r s . F i b e r c h a r a c t e ri s t i c s , w h i c h a f f e c t d e p o s i t i o n , i n c l u d e l e n g th ,
d i a m e t e r
,
a n d d e n s i t y a n d a r e o ft e n u s e d t o c a l c u l a t e a e r o d j m a m i c e q u i v a l e n t d i a m e t e r s . T h e
fi b e r o ri e n t a t i o n i n t h e a i r w a y i s a l s o a n im p o rt a n t f a c t o r i n d e p o s i t i o n . I n a d d i t i o n , dy n a m i c
f a c t o r s o f r e s p i r a t i o n s u c h a s t i d a l v o l u m e a n d r e s p i r a t o r y f r e q u e n c y h a v e a n e f f e c t o n fi b e r
d e p o s i t i o n . G e n e r a l l y , t i d a l v o l u m e a l o n e h a s b e e n u s e d i n m o d e l s b e c a u s e t h e h i t e m a t i o n a l
C o m m i s s i o n o n R a d i o l o g i c a l P r o t e c t i o n (I C R P ) c o n c l u d e d t h a t t h e u s u a l p h y s i o l o g i c a l
a d j u s tm e n t t o d e m a n d s o f i n c r e a s e d v e n t i l a t i o n i s t o i n c r e a s e t h e t i d a l v o l u m e m o r e t h a n t h e
r e s p i r a t o r y f r e q u e n c y , a n d t h a t c h a n g e s i n t i d a l v o l u m e w i t h c o n s t a n t r e s p i r a t o r y fr e q u e n c y
s h o u l d p r o d u c e t h e g r e a t e s t c h a n g e s i n d e p o s i t i o n t h r o u gh o u t t h e r e s p i r a t o r y s y s t e m . (B a t e s
a n d o t h e r s 19 6 6 ) E l e c t r o s t a t i c e f f e c t s w e r e n o t i n c l u d e d i n t h e c a l c u l a t i o n s o f a n y d e p o s i t i o n
m o d e l s , h i a d d i t i o n , t h e r e i s a h o s t o f i n d i v i d u a l c h a r a c t e r i s t i c s , w h i c h w o u l d b e e x p e c t e d t o
a f f e c t d e p o s i t i o n , s u c h a s B M I , a g e , s e x , s m o k i n g s t a t u s , e t c . T h e s e p a r a m e t e r s a r e n o t
i n c l u d e d i n a n y d e p o s i t i o n m o d e l s r e v i e w e d fo r t h i s t e c h n i c a l r e p o r t . (A s g h a r i a n a n d Y u
19 8 8 ; B e e c k m a n s 1 9 72 ; H a r r i s a n d T im b r e l l 1 9 7 5 ; H a r r i s a n d F r a s e r 1 9 7 6 ; Y u a n d o t h e r s
1 9 9 5 )
T h e c u r r e n t r e s e a r c h a im s t o a p p l y a l i m g d e p o s i t i o n m o d e l t o s i z e - s p e c i fi c T E M
fi b e r a e r o s o l d a t a i n o r d e r t o c r e a t e a f r a m e w o r k b y w h i c h n a s o p h a r y n g e a l , t r a c h e o b r o n c h i a l ,
a n d p u lm o n a r y d o s e m a y b e e s t im a t e d . T h e u s e o f t h e s e d o s e e s t im a t e s i n e p i d e m i o l o g i c
a n a l y s e s m a y im p r o v e u p o n t h e p r e d i c t i v e c a p a c i t i e s o f e x i s t i n g e x p o s u r e - r e s p o n s e m o d e l s .
C H A P T E R I I I
M E T H O D S
D e m e n t a n d c o l l e a g u e s (2 0 0 7 ) h a v e p r e v i o u s l y d e v e l o p e d a m e t h o d t o a dj u s t P C M
fi b e r c o n c e n t r a t i o n s u s i n g T E M a n a l y s e s o f a r c h i v e d m e m b r a n e f i l t e r s a m p l e s c o l l e c t e d i n a n
a s b e s t o s t e x t i l e p l a n t i n Ch a r l e s t o n , So u t h C a r o l i n a , U SA . C o u n t e d f i b e r s w e r e m e a s u r e d
a n d fi t i n t o b i v a r i a t e l e n g t h/ d i a m e t e r c a t e g o r i e s . T h e p r o p o r t i o n o f T E M f i b e r s i n a g i v e n
e x p o s u r e z o n e (w h i c h c o r r e s p o n d e d c l o s e l y w i t h t e x t i l e d e p a r t m e n t s ) , w h i c h f e l l i n t o a g i v e n
d i a m e t e r / l e n g th c a t e g o r y , w a s d i v i d e d b y t h e p r o p o r t i o n o f a l l T EM f i b e r s m e a s u r e d b y P C M
t o p r o du c e P C M a dj u s tm e n t f a c t o r s . (Qu i n n a n d o th e r s 2 0 0 0 ) Wh e n t h e P C M f a c t o r s w e r e
m u l t i p l i e d b y th e m e a n P C M e x p o s u r e s (fi b e r s > 5 /x m / c m
^
) f o r t h a t e x p o s u r e z o n e , c o r r e c t e d
e s t im a t e s o f e x p o s u r e w e r e p r o d u c e d . B e c a u s e T EM m e a s u r e s t h e fi b e r s P C M c a n n o t
r e l i a b l y c o u n t , t h e d i s t r i b u t i o n i n c l u d e d fi b e r s s h o r t e r t h a n 5 f i m a n d t h i n n e r t h a n 0 . 2 5 [i m .
(D e m e n t a n d o t h e r s 2 0 0 7 )
T h i s m e t h o d w a s a p p l i e d t o t h e fi b r o u s a e r o s o l c o l l e c t e d f r o m t h r e e a s b e s t o s t e x t i l e
p l a n t s i n N o r t h C a r o l i n a fi
-
o m 19 6 4 t o 1 9 7 1 . M e m b r a n e fi l t e r s f r o m e a c h p l a n t a n d e x p o s u r e
z o n e w e r e s im i l a r l y a n a l y z e d u s i n g T EM . P l a n t s a n d z o n e s a r e l i s t e d i n A p p e n d i x A .
A m o n g t h e t h r e e p l a n t s , 2 2 , 7 8 4 f ib e r s w e r e c o u n t e d , c a t e g o r i z e d , a n d u s e d t o c a l c u l a t e p l a n t ,
z o n e
,
d i a m e t e r c a t e g o r y , a n d l e n g th c a t e g o r y - s p e c i fi c P C M f a c t o r s .
8A l i t e r a t u r e r e v i e w w a s c o n d u c t e d o f a v a i l a b l e l u n g d e p o s i t i o n m o d e l s a n d a m o d e l
b y R o b e r t H a r r i s a n d c o l l e a g u e s w a s s e l e c t e d . (H a r r i s 19 7 2 ; H a r r i s a n d T im b r e l l 1 9 7 5 ; H a r r i s
a n d F r a s e r 1 9 7 6 ) I n l a r g e p a r t , t h i s d e c i s i o n w a s m o t i v a t e d b y t h e a v a i l a b i l i t y o f m o d e l
d e p o s i t i o n e s t i m a t e s i n a n a c c e s s i b l e f o r m . I n a d d i t i o n , t h i s m o d e l i s w e l l k n o w n i n t h e
s c e i n t i f i c c o m m u n i t y . M o d e l d e p o s i t i o n e s t i m a t e s f o r f i b e r s o f a l l s i z e s w e r e c o l l e c t e d fr o m
H a r r i s ' d i s s e r t a t i o n (H a r r i s 1 9 7 2 ) a n d H a r r i s a n d T im b r e l l
'
s p u b l i c a t i o n (H a r r i s a n d T im b r e l l
19 7 5 ) . O n l y d e p o s i t i o n e s t i m a t e s u s i n g a t i d a l v o l u m e o f 1 , 4 5 0 cm w e r e s e l e c t e d . T h i s w a s
c h o s e n a s a r e p r e s e n t a t i o n o f t h e m o d e r a t e p h y s i c a l e x e r t i o n g e n e r a l l y r e p r e s e n t a t i v e o f t h e
w o r k . (A n d e r s o n a n d o t h e r s 2 0 0 6 ; B a t e s a n d o t h e r s 1 9 6 6 ; D e m e n t 1 9 8 0) H a r r i s
' m o d e l
i n c l u d e d e s t im a t e s f o r o r d e r e d a n d r a n d o m o r i e n t a t i o n b u t o n l y d e p o s i t i o n e s t im a t e s
c o r r e s p o n d i n g t o t h e l a t t e r o r i e n t a t i o n w e r e u s e d a s t h e f i b e r t y p e i n t h e s e p l a n t s w a s
c h r y s o t i l e . (T im b r e l l 1 9 6 5)
T h e d e p o s i t i o n e s t im a t e s fr o m H a r ri s
' m o d e l w e r e c o l l e c t e d i n t o t h r e e S A S d a t a fi l e s
(SA S I n s t i t u t e I n c . 2 0 0 8 ) i n w h i c h th e e s t im a t e s f o r n a s o p h a r y n g e a l , t r a c h e o b r o n c h i a l , a n d
p u lm o n a r y d e p o s i t i o n w e r e o r g a n i z e d . I n o r d e r t o c o n v e r t t h e d i s c r e t e e s t im a t e s o f e a c h f i l e
i n t o t h r e e s m o o t h m o d e l s
,
w h i c h c o u l d b e a p p l i e d t o o u r fi b e r d a t a , w e u s e d t h e T P S P L IN E
p r o c e d u r e . T h i s p r o c e d u r e fi t s a n o n p a r a m e t ri c r e gr e s s i o n m o d e l a n d c o m p u t e s sm o o t h i n g
s p l i n e s t o a p p r o x im a t e s m o o th m u l t i v a ri a t e fi m c ti o n s . (SA S I n s ti t u t e I n c . 1 99 9 ) T h e
e x p l a n a t o r y v a ri a b l e s w e r e fi b e r l e n g t h a n d a e r o d y n a m i c e q u i v a l e n t d i a m e t e r (D e ) . T h e
r e s p o n s e v a ri a b l e s w e r e n a s o p h a r y n g e a l , t r a c h e o b r o n c h i a l , o r p u lm o n a r y d e p o s i t i o n
fr a c t i o n s
,
d e p e n d i n g o n t h e d a t a fi l e .
9S i n c e H a r ri s ' m o d e l u s e d fi b e r l e n g t h a n d a e r o d y n a m i c e q u i v a l e n t d i a m e t e r a s t h e
m o d e l p r e d i c t o r s f o r d e p o s i t i o n , w e u s e d H a r ri s
' m o d e l e x p r e s s i o n f o r D e . T h e f o r m u l a i s
g iv e n b e l o w :
D e = (2> d 1 2 )^ p / ( [0 . 3 85 / (I n 2 fi - 0 . 5 )] + [ 1 . 2 3 / (h i 2 /3 + 0 . 5 ) ] )
w h e r e :
d = d i a m e t e r o f fi b e r
p = d e n s i t y o f c h r y s o t i l e f i b e r
= 2 . 7 g /c m
^
(K u m z e r o v a n d o t h e r s 2 0 04 )
jS^ a s p e c t r a t i o = l e n g t h / d i a m e t e r
T h e T P SP L I N E d e p o s i t i o n m o d e l s w e r e a p p l i e d t o e a c h fi b e r s i z e b y T E M t o p r o d u c e
e s t i m a t e d n a s o p h a r y n g e a l , t r a c h e o b r o n c h i a l , a n d p u lm o n a r y d e p o s i t i o n fi
-
a c t i o n s
(p r o b a b i l i t i e s ) . T h e d e p o s i t i o n f r a c t i o n s w e r e a v e r a g e d f o r a l l fi b e r s i n a l e n g th/ d i a m e t e r
c a t e g o r y t o p r o du c e m e a n d e p o s i t i o n f r a c t i o n s i n 2 4 d i a m e t e r a n d l e n gt h c a t e g o ri e s b y s t u d y
p l a n t a n d e x p o s u r e z o n e .
T o d e ri v e r e g i o n a l l u n g d o s e e s t im a t e s f r o m th e P C M c o n c e n t r a t i o n s t h e m e a n
f r a c t i o n s w e r e t h e n m u l t i p l i e d b y th e P CM fa c t o r s t o c r e a t e d e p o s i t i o n f a c t o r s . T h e
d e p o s i t i o n f a c t o r s f o r a l l fi b e r - s i z e c a t e g o ri e s w i t h i n e a c h p l a n t a n d e x p o s u r e z o n e w e r e t h e n
s u m m e d t o p r o v i d e a n o v e r a l l d e p o s i t i o n f a c t o r f o r e a c h p l a n t a n d e x p o s u r e z o n e . T h e s e
f a c t o r s c a n b e m u l t i p l i e d b y d a i l y a v e r a g e P C M - d e t e r m i n e d fi b e r c o n c e n t r a t i o n s a n d t h e
e s t im a t e d i n h a l e d a i r v o l u m e o v e r a w o r k s h i ft t o p r o d u c e e s t im a t e s o f d o s e (f i b e r s d e p o s i t e d
i n e a c h l u n g r e g i o n ) f o r w o r k e r s o f a g i v e n t im e a n d j o b c a t e g o r y . T h e u n i t f o r t h e s e f a c t o r s
i s fi b e r s d e p o s i t e d p e r u n i t P C M .
5 ;
' ' C H A P T E R I V y
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T h e T P SP L I N E m o d e l s f o r e a c h d e p o s i t i o n z o n e a r e d i s p l a y e d i n F i g u r e s 1 , 2 , a n d 3 .







L e n g t h
F i g u r e 1 : N a s o p h a r y n g e a l (N a s o ) D e p o s i t i o n b y L e n g th a n d A e r o d y n a m i c E q u i v a l e n t D i a m e t e r T h e fi g u r e
r e p r e s e n t s th e T P S P L IN E m o d e l , w h i c h p r e d i c t s n a s o p h a r y n g e a l d e p o s i t i o n f r a c t i o n s b a s e d u p o n t h e
e x p l a n a t o r y v a r i a b l e s , fi b e r l e n g t h a n d a e r o d y n a m i c e q u i v a l e n t d i a m e t e r
s *
T h e n a s o p h a r y n g e a l m o d e l p r e d i c t e d d e p o s i t i o n i n t h e h e a d , n o s e , a n d t hr o a t t o t h e
e p i gl o t t i s . A s r o d l e n g t h i n c r e a s e d , d e p o s i t i o n o f fi b e r s i n t h i s c o m p a r tm e n t b e c a m e
p r o g r e s s i v e l y g r e a t e r t h a n w h a t w o u l d b e e x p e c t e d f o r c o m p a c t p a r t i c l e s o f t h e s a m e
e q u i v a l e n t d i a m e t e r . T h i s o c c u r r e d b e c a u s e t h e l o n g e r t h e r o d th e m o r e p r o n e i t i s t o d e p o s i t
f T * ;^ ^ - - * * ^ : <r f i ' ^ ^ t P > ^ ^ ' r . -
1 1
#
b y i n t e r c e p t i o n o n n a s a l h a i r s . T h i s e f f e c t b e c a m e n e g l i g i b l e a t h i g h e q u i v a l e n t d i a m e t e r s
b e c a u s e a v e r y l a r g e fr a c t i o n d e p o s i t e d i n t h i s r e g i o n b y im p a c t i o n , r e g a r d l e s s o f
i n t e r c e p t i o n a l d e p o s i t i o n . A s e x p e c t e d , s m a l l e r , s h o r t e r f i b e r s p a s s e d e a s i l y t h r o u g h t h i s
c o m p a r t m e n t b e c a u s e h i g h f lo w r a t e s e l im i n a t e s i g n i f i c a n t s e d im e n t a t i o n a n d di f f u s i o n .
P r e d i c t n d V a l u e o f T r a c h
0 2 0 0
0 13 3
0 0 E 7
3 3 5
0 0 0 0
L e n g t h
F ig u r e 2 : T r a c h e o b r o n c h i a l (T r a c h ) D e p o s i t i o n b y L e n g t h a n d A e r o d y n a m i c E q u i v a l e n t D i a m e t e r T h e fi g u r e
r e p r e s e n t s th e T P SP L I N E m o d e l , w h i c h p r e d i c t s t r a c h e o b r o n c h i a l d e p o s i t i o n f r a c t i o n s b a s e d u p o n th e
e x p l a n a t o r y v a r i a b l e s , fi b e r l e n g t h a n d a e r o d y n a m i c e q u i v a l e n t d i a m e t e r
T h e t r a c h e o b r o n c h i a l m o d e l p r e d i c t e d a v e r y s m a l l d e p o s i t i o n fr a c t i o n o f h i g h
e q u i v a l e n t d i a m e t e r fi b e r s i n t h i s c o m p a r tm e n t . T h i s w a s p r im a r i l y b e c a u s e m o s t l a r g e
"
i
a e r o d y n a m i c e q u i v a l e n t d i a m e t e r r o d s d e p o s i t i n t h e n a s o p h a r y n g e a l z o n e . H o w e v e r ,
im p a c t i o n p l a y e d a s i g n i f i c a n t r o l e i n t h e d e p o s i t i o n o f t h i s r e m a i n i n g c o h o r t o f fi b e r s a t
a i r w a y b i f u r c a t i o n s . L o n g , t h i n fi b e r s s t i l l d e p o s i t a t a h i g h e r r a t e in t h i s r e g i o n t h a n c o m p a c t
p a r t i c l e s du e t o i n t e r c e p t i o n .
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P r e d i c t e d V a l u e o f P u l
0 3 3 3
0 6 7
3 3 5
L e n g t h
F ig u r e 3 : P u l m o n a r y (P u l ) D e p o s i t i o n b y L e n g t h a n d A e r o d y n a m i c E q u i v a l e n t D i a m e t e r T h e fi gu r e r e p r e s e n t s
t h e T P SP L I N E m o d e l , w h i c h p r e d i c t s p u l m o n a r y d e p o s i t i o n f r a c t i o n s b a s e d u p o n t h e e x p l a n a t o r y v a r i a b l e s ,
fi b e r l e n g t h a n d a e r o d y n a m i c e q u i v a le n t d i a m e te r .
I n t h e p u lm o n a r y m o d e l , a s e x p e c t e d , t h e d e p o s i t i o n o f s m a l l e q u i v a l e n t d i a m e t e r
r o d s p r e d o m i n a t e s . I n t h i s a r e a , t h e m e c h a n i s m o f s e d im e n t a t i o n a n d d i f f u s i o n w e r e
p r e v a l e n t . A l o w f r a c t i o n o f l o n g f i b e r s w e r e p r e d i c t e d t o d e p o s i t i n t h i s r e g i o n p r im a r i l y
b e c a u s e o f t h e l a r g e p r o p o r t i o n t h a t d e p o s i t i n p r e v i o u s c o m p a r t m e n t s . H o w e v e r , a
s i g n i f i c a n t f r a c t i o n o f l o n g , t h i n f i b e r s w a s e x p e c t e d t o r e a c h t h e p u lm o n a r y r e g i o n . T h i s i s
c o n s i s t e n t w i t h f i n d i n g s o f v e r y l o n g , t h i n f i b e r s f o u n d i n t h e d e e p l u n g . (L i p p m a n 19 8 8 )
T h e T P SP L IN E m o d e l s f o r a l l t h r e e l u n g r e g i o n s f i t H a r r i s
' m o d e l e s t im a t e s v e r y
w e l l , a s s h o w n i n F i gu r e 4 . A p p e n d i x B e x h i b i t s t h e T P SP L IN E a n d i n p u t d e p o s i t i o n v a l u e s
s t r a t i f i e d b y f i b e r l e n g t h , d i a m e t e r , a n d e q u i v a l e n t d i am e t e r .
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♦ N A S O
T R A C H
P U L
L i n e a r (NA S O )
— L in e a r (T RA C H )
L i n e a r (P UL )
0 . 0 0 . 2 0 . 4 0 6
T P S P L IN E P r e d i c t e d D e p o s i t io n
0 . 8 1 . 0
F i g u r e 4 : L i n e a r R e g r e s s i o n o f T P SP L I N E a n d H a r r i s M o d e l D e p o s i t i o n E s t i m a t e s T h e d e p o s i t i o n e s t i m a t e s
o f t h e H a r r i s m o d e l a n d T PSP L I N E m o d e l f o r i d e n t i c a l l e n g t h a n d D e w e r e p l o t t e d a n d r e g r e s s e d t o d e t e r m i n e
T P SP L I N E m o d e l f i t F o r n a s o p h a r y n g e a l d e p o s i t i o n r
^ = l F o r t r a c h e o b r o n c h i a l d e p o s i t i o n r
^ = 0 9 9 9 F o r
p u lm o n a r y d e p o s i t i o n r
^ = 0 9 9 9
T h e r e s u l t s fr o m th e a p p l i c a t i o n o f t h e T P SP L I N E m o d e l t o t h e T E M d a t a a r e g i v e n
i n A p p e n d i x C , D , a n d E , r e s p e c t i v e l y , f o r n a s o p h a r y n g e a l , t r a c h e o b r o n c h i a l , a n d p u lm o n a r y
c o m p a r tm e n t s . T h e s e i n c l u d e t h e m e a n s a n d s t a n d a r d d e v i a t i o n s f o r d e p o s i t i o n fr a c t i o n s o f
e a c h p l a n t , e x p o s u r e z o n e , d i a m e t e r c a t e g o r y , a n d l e n gt h c a t e g o r y c o m b i n a t i o n , h i a d d i t i o n ,
c e l l p r o p o r t i o n s a n d s t a n d a r d d e v i a t i o n s a r e t a b u l a t e d . T h e s e v a l u e s r e p r e s e n t t h e fr a c t i o n o f
f i b e r s c o u n t e d i n a g i v e n p l a n t f o r e a c h e x p o s u r e z o n e t h a t f a l l w i t h i n a d i a m e t e r / l e n g t h
c a t e g o r y . F o r e x a m p l e , i f 1 , 0 0 0 f i b e r s w e r e c o u n t e d i n p l a n t 1 , z o n e 1 , a n d 5 0 0 o f t h o s e
f i b e r s w e r e t h i n n e r t h a n 0 . 2 5 fi m a n d s h o r t e r t h a n 1 . 5 fi m , t h a t d i a m e t e r / l e n g t h c a t e g o r y
w o u l d h a v e a c e l l p r o p o r t i o n o f 0 . 5 . A l s o , i n c l u d e d i n A p p e n d i c e s a r e t h e P C M f a c t o r s ,
P CM f a c t o r s t a n d a r d d e v i a t i o n s
,
a n d t h e c a l c u l a t e d d e p o s i t i o n f a c t o r s .
T h e n a s o p h a r y n g e a l d e p o s i t i o n f a c t o r s f o r a l l T E M f i b e r s a r e s u m m a r i z e d i n F i g u r e
5 T h e h i gh e s t d e p o s i t i o n f a c t o r s w e r e o b s e r v e d i n P l a n t 3 . T h e l o w e s t d e p o s i t i o n f a c t o r s
o c c u r r e d i n P l a n t 1 . P l a n t 3 , Z o n e 6 h a d t h e h i g h e s t d e p o s i t i o n f a c t o r o f a n y z o n e . I n o t h e r
w o r d s
,
i f P C M f ib e r c o n c e n t r a t i o n s a r e e q u a l , w e w o u l d e x p e c t t h e h i g h e s t m e a n
n a s o p h a r y n g e a l d o s e i n P l a n t 3 w o r k e r s .
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P l a n t /Z o n e
F i g u r e 5 : N a s o p h a r y n g e a l (N A SO ) D e p o s i t i o n F a c t o r s b y P l a n t a n d Z o n e
T h e t r a c h e o b r o n c h i a l d e p o s i t i o n f a c t o r s a r e s h o w n i n F i g u r e 6 . Sim i l a r t o t h e
n a s o p h a r y n g e a l d a t a , P l a n t 3 h a d h i g h e r m e a n d e p o s i t i o n f a c t o r s t h a n t h e o t h e r p l a n t s a n d
P l a n t 3 , Z o n e 6 h a d t h e h i g h e s t m e a n d e p o s i t i o n f a c t o r o f a l l e x p o s u r e z o n e s .
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P la n t /Z o n e
F ig u r e 6 : T r a c h e o b r o n c h i a l (T R A C K ) D e p o s i t io n F a c t o r s b y P l a n t a n d Z o n e
T h e p u lm o n a r y d e p o s i t i o n f a c t o r s a r e d i s p l a y e d i n F i g u r e 7 . T h e s a m e t r e n d s w e r e ,
o b s e r v e d a s w i t h n a s o p h a r y n g e a l a n d t r a c h e o b r o n c h i a l d e p o s i t i o n f a c t o r s e x c e p t t h a t P l a n t 2 ,
Z o n e 7 ' s d e p o s i t i o n fa c t o r i n c r e a s e d m o r e t h a n o t h e r z o n e s .
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P la n t /Z o n e
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F ig u r e 7 : P u l m o n a r y (P U L ) D e p o s i t i o n F a c t o r s b y P l a n t a n d Z o n e .
A l l p l a n t a n d e x p o s u r e z o n e d e p o s i t i o n f a c t o r s a r e r e p o r t e d i n t a b u l a r f o r m i n




C H A P T E R V
D I S C U S SI O N
T h e p r im a r y p a r a m e t e r s t h a t d e t e r m i n e d t h e e s t im a t e d d e p o s i t i o n f a c t o r s w e r e m e a n
d e p o s i t i o n f r a c t i o n s a n d P C M a dj u s tm e n t f a c t o r s . T h e PC M a dj u s tm e n t f a c t o r s w e r e
d e t e r m i n e d f o r p l a n t , d e p a r t m e n t , a n d d i a m e t e r / l e n g t h c a t e g o r y , b u t t h e s e d i d n o t v a r y b y
d e p o s i t i o n r e g i o n . I n c o n t r a s t , t h e d e p o s i t i o n f r a c t i o n s w e r e d e p e n d e n t u p o n p r e v i o u s a n d
s u b s e q u e n t d e p o s i t i o n f r a c t i o n s . F o r e x a m p l e , i f t h e c o m b i n e d d e p o s i t i o n f r a c t i o n fo r
n a s o p h a r y n g e a l a n d p u lm o n a r y c o m p a r tm e n t s w a s 0 7 5 , t h e t r a c h e o b r o n c h i a l d e p o s i t i o n
f r a c t i o n c o u l d n o t b e m o r e t h a n 0 . 2 5 . T h e r e fo r e
,
i f a d e p o s i t i o n f a c t o r f o r a g i v e n e x p o s u r e
z o n e w a s h i g h a c r o s s a l l t h r e e c o m p a r tm e n t s (e . g . . P l a n t 3 , Z o n e 6 ) t h e n t h e e x c e p t i o n a l
m a g n i t u d e o f t h e d e p o s i t i o n f a c t o r w a s l i k e l y d u e t o a h i g h P C M f a c t o r . T h i s s u g g e s t s t h a t
t h e r e w e r e a gr e a t e r p r o p o r t i o n o f f i b e r s u n c o u n t e d b y P C M fi b e r c o n c e n t r a t i o n s i n t h e s e
z o n e s c o m p a r e d t o o t h e r z o n e s a n d , t h e r e f o r e , t h e e x p o s u r e w o u l d b e h i g h e r t h a n s u g g e s t e d
b y t h e P C M c o n c e n t r a t i o n a l o n e . T h i s c o u l d b e d u e t o f i b e r d i s t r i b u t i o n d i f f e r e n c e s b e t w e e n
e x p o s u r e z o n e s . I f t h e d e p o s i t i o n f a c t o r f o r a g i v e n e x p o s u r e z o n e v a r i e d b y l u n g
c o m p a r t m e n t r e l a t i v e t o o t h e r e x p o s u r e z o n e s (e . g . , P l a n t 2 , Z o n e 7 ) th a t v a r i a t i o n w a s l i k e l y
du e t o a d e p o s i t i o n f r a c t i o n t h a t w a s e s p e c i a l l y h i g h o r l o w i n o n e c o m p a r tm e n t . T h i s
i n d i c a t e s t h a t t h e f i b e r d i s t r i b u t i o n m a y b e m o r e s k ew e d r e l a t i v e t o o t h e r e x p o s u r e z o n e s .
F o r i n s t a n c e . P l a n t 2 , Z o n e 7 h a d t h e l a r g e s t c e l l p r o p o r t i o n o f f i b e r s s h o r t e r t h a n 1 . 5 ja m a n d
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t hi n n e r t h a n 0 . 2 5 ju. n i . H o w e v e r , b e c a u s e t h e v a l u e s r e p o r t e d h e r e a r e n o t t h e t r u e d o s e
e s t im a t e s , i n t e r p r e t a t i o n i s a l w a y s c o n t i n g e n t o n f i b e r c o n c e n t r a t i o n s .
T h i s r e s e a r c h i s b a s e d u p o n a d e p o s i t i o n m o d e l , w h i c h m a k e s s im p l i f y in g
a s s u m p t i o n s . I t d o e s n o t c a p t u r e i n t e r - i n d i v i d u a l v a r i a b i l i t y a s s o c i a t e d w i t h BM I , a g e ,




s m o k i n g s t a t u s , e t c . N o r , d o e s i t i n c o r p o r a t e c o n s i d e r a t i o n s r e l a t e d t o
f i b e r e l e c t r o s t a t i c s . T o o u r k n o w l e d g e , H a r r i s
' m o d e l h a s n o t b e e n v a l i d a t e d b y h u m a n
p h y s i o l o g i c a l d a t a . F i n a l l y , i n f i t t in g a m o d e l t o a m o d e l , i n t r o d u c i n g a d d i t i o n a l v a ri a b i l i t y
a n d u n c e r t a i n t y i s i n e v i t a b l e . H o w e v e r , g i v e n t h e e x c e l l e n t f i t o f t h e T P SPL IN E m o d e l s t o
H a r ri s
'
e s t im a t e s
,
t h i s e f f e c t i s l i k e l y m i n o r .
W e r e p o rt e d o n l y p o i n t e s t im a t e s f o r d e p o s i t i o n f a c t o r s N o a t t e m p t w a s m a d e t o
e s t im a t e v a ri a b i l i t y f o r d e p o s i t i o n f a c t o r s du e t o t h e ft i a n y s o u r c e s o f c o m p o n e n t v a ri a b i l i t y .
T h e r e s u l t s o f a n y v a ri a b i l i t y a n a l y s i s w o u l d h a v e b e e n o f d u b i o u s i n t e r p r e t i v e v a l u e .
T h e d e p o s i t i o n f a c t o r s r e p o rt e d r e p r e s e n t f i b e r s d e p o s i t e d p e r u n i t P C M . T h e r e f o r e , a
d o s e e s t im a t e w i l l n o t b e o b t a i n e d u n t i l t h e y a r e m u l t i p l i e d b y P CM fi b e r c o n c e n t r a t i o n s a n d
e s t im a t e d d a i l y i n h a l e d a i r v o l u m e . T h e a i m o f t h i s r e s e a r c h w a s t o c r e a t e a f r am ew o r k b y
w h i c h d o s e c a n e a s i l y a n d r e l i a b l y b e a s s e s s e d a n d i n c o r p o r a t e d i n t o e p i d e m i o l o gi c s t u d i e s .
D o s e e s t im a t e s fi - o m th i s c o h o rt w i l l b e c a l c u l a t e d a n d u s e d i n d o s e - r e s p o n s e m o d e l s o f a n
o n - g o i n g r e t r o s p e c t i v e c o h o rt a n a l y s i s .
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A n d e r s o n N J , C a s s i d y P E , J a n s s e n L L , D e n g e l D R . 2 0 0 6 . P e a k i n sp i r a t o r y f l o w s o f a d u l t s
e x e r c i s i n g a t l i g h t , m o d e r a t e , a n d h e a v y w o r k l o a d s . J o u r n a l o f t h e I n t e r n a t i o n a l So c i e t y
f o r R e s p i r a t o r y P r o t e c t i o n 2 3 : 5 3 - 6 2 .
A s g h a r i a n B a n d Y u C P . 19 8 8 . D e p o s i t i o n o f i n h a l e d f i b r o u s p a r t i c l e s i n t h e h u m a n l u n g . J
A e r o s o l M e d ( l ) : 3 7 - 5 0 .
A T SD R . 2 0 0 1 . T o x i c o l o g i c a l p r o f i l e f o r a s b e s t o s . A t l a n t a , G A , U S A : A g e n c y f o r T o x i c
Su b s t a n c e s a n d D i s e a s e R e g i s t r y , U . S . D e p a r tm e n t o f H e a l t h a n d H u m a n S e r v i c e s ,
P u b l i c H e a l t h S e r v i c e .
B a t e s D V , F i s h B R , H a t c h T F , M e r c e r T T , M o r r o w PE . 1 9 6 6 . D e p o s i t i o n a n d r e t e n t i o n
m o d e l s f o r i n t e r n a l d o s im e t r y o f t h e h u m a n r e s p i r a t o r y t r a c t , t a s k g r o u p o n l u n g
d y n a m i c s . H e a l t h P h y s 1 2 (2 ): 1 7 3 - 2 0 7 .
B e e c k m a n s J . M . 1 9 7 2 . D e p o s i t i o n o f e l l i p s o i d a l p a r t i c l e s i n t h e h u m a n r e s p i r a t o r y t r a c t .
Sp r i n g f i e l d , 111. : T h o m a s . 3 6 1 - 7 0 .
B e r m a n D W
,
C r u m p K S , Ch a t f i e l d E J , D a v i s JM , J o n e s A D . 1 9 9 5 . T h e s i z e s , s h a p e s , a n d
m i n e r a l o g y o f a s b e s t o s s t r u c t u r e s t h a t i n d u c e l u n g t u m o r s o r m e s o t h e l i o m a i n A F / H A N
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m i c r o s c o p i c m e th o d s f o r e v a l u a t i o n o f o c c u p a t i o n a l a s b e s t o s e x p o s u r e s . A p p l i e d O c c
E n v H y g (5 ) : 2 4 2 - 7 .
D e m e n t JM a n d H a r r i s R L . 19 7 9 . E s t im a t e s o f p u lm o n a r y a n d g a s t r o i n t e s t i n a l d e p o s i t i o n f o r
o c c u p a t i o n a l fi b e r e x p o s u r e s . D H E W - N I O SH P u b l i c a t i o n n o . 7 9 - 1 3 5 .
D e m e n t JM
,
B r o w n D P
,
O k u n A . 19 9 4 . F o l l o w - u p s t u d y o f c h r y s o t i l e a s b e s t o s t e x t i l e
w o r k e r s : C o h o r t m o r t a l i t y a n d c a s e - c o n t r o l a n a l y s e s . A m J I n d M e d 2 6 (4 ) :4 3 1 - 4 7 .
D e m e n t JM
,
K u e m p e l E , Z u m w a l d e R , Sm i th R , St a y n e r L , L o o m i s D . 2 0 0 7 . D e v e l o p m e n t
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0 3 - 1 0 1 5 0 - 2 0 0 0 0 8 4 0 0 10 0 0 0 5 0 00 1 0 0 6 4 0 0 1 5 0 , 0 0 5
0 3 - 1 0 2 0 0 - 4 0 0 0 0 9 4 0 0 2 9 0 0 1 1 0 . 0 0 2 0 1 4 5 0 0 2 2 0 0 14
0 3 - 1 0 > 4 0 0 0 0 5 3 0 0 2 2 0 0 0 8 0 0 0 2 0 1 0 8 0 0 2 0 0 0 0 6
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< 0 2 5 1 5 0 - 2 0 0 0 0 8 9 0 0 0 1 0 0 0 5 0 0 0 2 0 0 6 8 0 0 2 8 0 0 0 6
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0 3 - 1 0 5 0 - 1 0 0 0 1 4 7 0 0 4 1 0 0 3 0 0 0 0 8 0 3 9 2 0 0 7 2 0 0 5 8
0 3 - 1 0 1 0 0 - 1 5 0 0 1 3 3 0 0 2 7 0 0 1 0 0 0 0 4 0 13 1 0 0 5 2 0 0 1 8
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0 3 - 1 0 > 4 0 0 0 0 5 3 0 0 2 5 0 0 0 7 0 0 0 3 0 0 9 1 0 0 2 9 0 0 0 5
1 0 - 3 0 10 0 - 1 5 0 0 0 4 1 0 00 6 0 0 0 4 0 0 0 3 0 0 4 9 0 0 3 0 0 0 0 2
1 0 - 3 0 1 5 0 - 2 0 0 0 0 4 1 0 00 5 0 00 2 0 0 0 1 0 0 2 9 0 0 1 7 0 0 0 1
1 0 - 3 0 20 0 - 4 0 0 0 02 7 0 00 5 0 00 4 0 0 0 2 0 05 0 0 0 2 4 0 00 1
1 0 - 3 0 > 4 0 0 0 0 2 2 0 0 0 5 0 0 0 2 0 0 0 1 0 0 2 9 0 0 18 0 00 1
> 3 0 2 0 0 - 4 0 0 0 0 2 5 0 0 0 4 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 9 0 0 0 0
> 3 0 > 4 0 . 0 0 0 2 1 0 00 1 0 . 0 0 1 0 0 1 5 0 0 0 8 0 0 0 0
< 0 . 2 5 < 1 5 0 3 5 1 0 0 0 9 0 5 1 0 0 0 2 7 6 0 6 1 1 0 3 6 2 12 9
< 0 2 5 1 5 - 3 0 0 3 2 4 0 0 0 4 0 16 1 0 . 0 2 0 1 9 1 3 0 3 9 9 0 . 6 2 0
< 0 . 2 5 3 0 - 5 0 0 23 2 0 0 5 8 0 0 9 5 0 . 0 1 5 1 12 0 0 2 4 5 0 2 5 9
< 0 2 5 5 0 - 1 0 0 0 1 2 0 0 0 2 4 0 0 4 7 0 0 0 9 0 5 55 0 1 2 0 0 0 6 6
< 0 2 5 10 0 - 1 5 0 0 1 2 5 0 0 2 4 0 0 1 2 0 0 0 4 0 14 7 0 0 5 4 0 0 1 8
< 0 2 5 1 5 0 - 2 0 0 0 0 9 0 0 0 0 3 0 0 1 2 0 0 0 3 0 14 6 0 0 4 3 0 0 1 3
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0 3 - 1 0 5 0 - 1 0 0 0 14 3 0 03 2 0 0 2 5 0 0 0 7 0 2 9 0 0 0 6 0 0 0 4 2
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1 0 - 3 0 1 5 - 3 0 0 2 9 6 0 00 5 0 0 02 0 0 5 4 0 0 2 7 0 0 1 6
1 0 - 3 0 3 0 - 5 0 0 1 1 9 0 0 1 8 0 0 0 7 0 0 0 4 0 08 3 0 0 4 6 0 0 1 0
1 0 - 3 0 5 0 - 1 0 0 0 0 4 1 0 0 1 7 0 0 0 6 0 0 0 3 0 0 7 3 0 0 3 5 0 00 3
1 0 - 3 0 1 0 0 - 1 5 0 0 0 4 1 0 0 0 0 0 0 0 2 0 0 0 1 0 0 2 0 0 0 17 0 00 1
1 0 - 3 0 1 5 0 - 2 0 0 0 0 3 7 0 0 0 2 0 0 0 2 0 0 0 1 0 0 2 7 0 0 1 5 0 0 0 1
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0 3 - 1 0 2 0 0 - 4 0 0 0 0 9 8 0 0 2 7 0 0 0 8 0 0 0 2 0 12 4 0 0 2 4 0 0 1 2
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< 0 2 5 1 5 - 3 0 0 3 2 4 0 00 4 0 23 0 0 0 13 3 2 00 0 3 4 4 1 0 36
< 0 2 5 3 0 - 5 0 0 2 4 5 0 0 4 9 0 0 8 0 0 0 0 8 1 1 2 1 0 1 5 2 0 2 7 5
< 0 2 5 5 0 - 1 0 0 0 1 1 6 0 0 2 4 0 0 6 9 0 0 0 7 0 9 6 0 0 10 7 0 1 1 1
< 0 2 5 1 0 0 - 1 5 0 0 . 13 3 0 0 2 1 0 0 1 6 0 00 3 0 2 1 8 0 0 4 3 0 0 2 9
< 0 2 5 1 5 0 - 2 0 0 0 09 0 0 0 03 0 0 0 7 0 0 0 1 0 0 9 7 0 0 1 6 0 0 09
< 0 2 5
< 0 2 5
0 3 - 1 0
0 3 - 1 0
0 3 - 1 0
0 3 - 1 0
2 0 0 - 4 0 0
> 4 0 0
< 1 5
1 5 - 3 0
3 0 - 5 0
5 0 - 1 0 0
0 11 7
0 09 7
0 3 5 6
0 3 35
0 2 6 4
0 1 5 0
0 0 2 5
0 02 3
0 0 0 7
0 0 1 0
0 0 3 9
0 04 2




0 0 4 7
0 0 3 1
0 0 0 1
0 00 1
0 0 0 5
0 00 7
0 0 0 6
0 00 4
0 1 3 6
0 0 4 3
0 4 1 3
0 7 4 5
0 6 5 7
0 4 26
0 0 2 0
0 0 1 1
0 0 8 3
0 12 1
0 1 0 9
0 03 9
0 0 16
0 0 0 4
0 1 4 7
0 2 5 0
0 1 7 3
0 0 64
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p la n t z o n e d ia m e t e r
(/u m )
le n g t h (p m ) p u l
d e p o s it
f r a c t io n
p u l
f r a c t io n
s t d e v
c e l l
p r o p
c e l l p r o p
s td e v
P C M
f a c t o r
P C M
f a c t o r
s t d e v
p u l
d e p o s i t i o n
f a c t o r
0 3 - 1 0 1 0 . 0 - 1 5 0 0 1 3 4 0 0 3 2 0 0 1 2 0 0 0 2 0 16 7 0 0 3 1 0 0 2 2
0 3 - 1 0 1 5 0 - 2 0 0 0 0 8 7 0 0 0 8 0 0 0 5 0 0 0 1 0 0 7 5 0 0 14 0 0 0 6
0 3 - 1 0 2 0 . 0 - 4 0 0 0 0 9 9 0 03 2 0 00 6 0 0 0 1 0 08 2 0 0 1 5 0 0 08
0 3 - 1 0 > 4 0 0 0 0 6 4 0 0 2 5 0 0 0 4 0 0 0 1 0 0 4 9 0 0 1 1 0 0 0 3
1 0 - 3 0 < 1 5 0 0 0 1 0 0 0 1 0 0 2 0 0 0 1 1 0 0 0 0
1 0 - 3 0 3 . 0 - 5 0 0 1 4 7 0 . 0 2 4 0 . 0 0 3 0 . 0 0 2 0 0 4 0 0 0 2 2 0 0 0 6
1 0 - 3 0 5 0 - 1 0 0 0 0 5 3 0 0 2 6 0 0 0 5 0 0 0 1 0 0 6 8 0 0 2 0 0 0 0 4
1 0 - 3 0 1 0 0 - 1 5 0 0 0 4 0 0 0 1 1 0 0 0 2 0 0 0 1 0 0 3 4 0 0 1 5 0 0 0 1
1 0 - 3 0 1 5 . 0 - 2 0 0 0 0 3 9 0 . 0 0 5 0 0 0 2 0 0 0 1 0 0 3 1 0 0 0 9 0 0 0 1
1 0 - 3 0 2 0 0 - 4 0 0 0 0 3 1 0 00 7 0 0 0 2 0 0 0 1 0 0 3 4 0 0 0 9 0 0 0 1
1 0 - 3 0 > 4 0 0 0 0 2 2 0 0 0 5 0 0 0 0 0 0 00 0 0 0 5 0 0 0 3 0 0 0 0
> 3 0 1 0 0 - 1 5 0 0 0 4 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 5 0 0 0 0
> 3 0 1 5 0 - 2 0 0 0 0 3 8 0 0 0 2 0 0 0 1 0 0 00 0 00 9 0 0 0 4 0 00 0
> 3 0 2 0 0 - 4 0 0 0 0 2 9 0 . 0 0 4 0 0 0 1 0 0 00 0 0 0 9 0 0 0 5 0 0 0 0
> 3 0 > 4 0 0 0 0 19 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 4 0 0 0 0
< 0 2 5 < 1 5 0 3 4 9 0 0 1 1 0 3 6 7 0 0 2 0 7 1 5 4 1 0 5 4 2 4 9 9
< 0 2 5 1 5 - 3 0 0 3 2 4 0 0 0 4 0 2 2 7 0 0 1 7 4 4 2 3 0 7 13 1 4 3 3
< 0 25 3 0 - 5 0 0 2 44 0 . 0 5 2 0 0 8 5 0 0 1 2 1 6 6 4 0 3 18 0 4 0 5
< 0 . 2 5 5 0 - 1 0 0 0 . 1 14 0 . 0 2 3 0 0 7 0 0 0 08 1 . 3 4 5 0 1 6 6 0 . 1 5 4
< 0 2 5 1 0 0 - 1 5 0 0 1 2 9 0 0 2 0 0 0 2 5 0 0 0 4 0 4 7 8 0 0 8 2 0 0 6 2
< 0 2 5 1 5 0 - 2 0 0 0 0 9 0 0 0 0 3 0 0 0 7 0 0 0 1 0 1 2 5 0 0 2 6 0 0 1 1
< 0 2 5 2 0 0 - 4 0 0 0 1 2 0 0 . 0 2 2 0 0 1 0 0 0 0 2 0 1 9 0 0 0 3 2 0 0 2 3
< 0 2 5 > 4 0 0 0 0 8 6 0 0 2 4 0 0 0 2 0 0 0 1 0 0 4 0 0 0 12 0 0 0 3
0 3 - 1 0 < 1 5 0 3 5 7 0 0 0 7 0 0 2 4 0 0 0 6 0 4 6 9 0 14 5 0 1 6 7
0 3 - 1 0 1 5 - 3 0 0 3 3 3 0 0 0 9 0 0 8 1 0 0 1 1 1 5 7 2 0 2 9 7 0 5 2 4
0 3 - 1 0 3 0 - 5 0 0 2 6 3 0 . 0 3 7 0 0 4 9 0 0 0 9 0 9 5 7 0 2 1 0 0 2 5 2
0 3 - 1 0 5 0 - 1 0 0 0 1 4 3 0 .0 3 8 0 0 2 2 0 0 0 4 0 4 2 6 0 0 4 8 0 0 6 1
0 3 - 1 0 1 0 0 - 1 5 0 0 1 3 3 0 0 3 6 0 0 1 0 0 0 0 3 0 1 9 7 0 0 4 0 0 0 2 6
0 3 - 1 0 15 0 - 2 0 0 0 0 84 0 0 10 0 0 0 4 0 0 0 1 0 07 0 0 0 17 0 00 6
0 3 - 1 0 2 0 0 - 4 0 0 0 0 9 4 0 0 2 9 0 0 0 4 0 0 0 1 0 0 7 8 0 0 16 0 0 0 7
0 3 - 1 0 > 4 0 0 0 0 6 0 0 . 0 2 4 0 0 0 3 0 0 0 1 0 0 6 6 0 0 15 0 0 0 4
1 0 - 3 0 1 5 - 3 0 0 3 1 6 0 0 0 3 0 0 0 1 0 0 5 3 0 0 3 0 0 0 1 7
1 0 - 3 0 5 0 - 1 0 0 0 0 4 0 0 0 1 3 0 0 0 4 0 0 0 1 0 0 7 3 0 0 2 6 0 0 0 3
1 0 - 3 0 10 0 - 1 5 0 0 03 8 0 02 4 0 00 1 0 0 0 1 0 0 2 1 0 0 14 0 00 1
1 0 - 3 0 1 5 0 - 2 0 0 0 0 3 9 0 0 0 5 0 0 0 1 0 0 0 0 0 0 1 5 0 0 0 7 0 0 0 1
1 0 - 3 0 2 0 0 - 4 0 0 0 03 0 0 004 0 00 1 0 0 0 0 0 0 1 8 0 0 0 8 0 0 0 1
1 0 - 3 0 > 4 0 0 0 0 2 0 0 0 0 5 0 0 0 1 0 0 0 0 0 0 1 5 0 0 0 7 0 0 0 0
> 3 0 1 5 0 - 2 0 0 0 03 6 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 3 0 0 0 0
> 3 0 2 0 0 - 4 0 0 0 0 2 6 0 0 0 3 0 0 0 1 0 0 0 0 0 0 1 2 0 0 0 6 0 0 0 0
> 3 0 > 4 0 0 0 024 0 00 0 0 00 0 0 0 0 0 0 00 7 0 0 04 0 0 00
< 0 2 5 < 1 5 0 3 5 1 0 0 1 1 0 53 6 0 0 2 7 19 . 2 3 5 4 . 1 13 6 7 4 4
< 0 2 5 1 5 - 3 0 0 3 2 3 0 0 0 4 0 1 7 1 0 0 2 1 6 1 5 7 1 5 5 2 1 9 9 0
< 0 2 5 3 0 - 5 0 0 2 4 6 0 0 5 8 0 0 7 2 0 0 1 4 2 5 7 2 0 . 7 4 1 0 6 3 3
< 0 2 5 5 . 0 - 10 0 0 1 1 6 0 0 2 6 0 05 4 0 0 0 9 1 90 2 0 34 6 0 2 20
< 0 2 5 1 0 . 0 - 1 5 0 0 . 13 3 0 0 2 2 0 0 1 4 0 0 0 4 0 4 9 0 0 12 8 0 0 6 5
< 0 2 5 1 5 0 - 2 0 0 0 09 0 0 00 3 0 00 5 0 0 0 1 0 1 7 8 0 0 4 7 0 0 16
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p l a n t z o n e d i a m e te r
Cu m )
le n g t h ( / / m ) p u l
d e p o s i t
f r a c t io n
p u l
f r a c t i o n
s t d e v
c e l l
p r o p
c e l l p r o p
s t d e v
P C M
f a c t o r
P C M
f a c t o r
s t d e v
p u l
d e p o s it i o n
f a c t o r
< 0 2 5 2 0 0 - 4 0 0 0 12 5 0 0 2 6 0 0 0 5 0 00 1 0 1 7 1 0 0 4 4 0 0 2 1
< 0 2 5 > 4 0 0 0 1 0 2 0 0 2 5 0 0 0 2 0 0 0 1 0 0 5 4 0 0 2 2 0 0 0 5
0 3 - 1 0 < 1 , 5 0 3 5 9 0 0 0 7 0 0 30 0 0 1 0 1 0 9 1 0 4 1 3 0 3 9 1
0 3 - 1 0 1 5 - 3 0 0 33 2 0 0 1 1 0 0 4 2 0 0 1 2 1 5 1 6 0 5 3 4 0 5 0 4
0 3 - 1 0 3 0 - 5 0 0 2 8 0 0 0 3 2 0 0 3 6 0 0 1 0 1 2 7 6 0 4 4 8 0 3 5 7
0 3 - 1 0 5 0 - 10 0 0 1 3 9 0 0 3 1 0 0 1 2 0 0 0 3 0 4 0 3 0 0 7 0 0 0 5 6
0 3 - 1 0 1 0 0 - 1 5 0 0 1 4 5 0 0 4 3 0 0 0 7 0 0 0 2 0 2 3 0 0 0 6 6 0 0 3 3
0 3 - 1 0 1 5 0 - 2 0 0 0 0 8 6 0 0 0 9 0 0 0 1 0 0 0 1 0 0 4 1 0 0 1 8 0 0 0 4
0 3 - 1 0 2 0 0 - 4 0 0 0 1 0 9 0 0 3 5 0 0 0 2 0 0 0 1 0 0 6 8 0 0 2 3 0 0 0 7
0 3 - 1 0 > 4 0 0 0 0 6 8 0 0 1 7 0 0 0 1 0 0 0 1 0 0 4 0 0 0 1 8 0 0 03
1 0 - 3 0 1 5 - 3 0 0 2 9 0 0 0 0 5 0 0 0 2 0 17 0 0 09 8 0 0 4 9
1 0 - 3 0 3 0 - 5 0 0 1 0 6 0 00 5 0 0 0 2 0 16 3 0 08 7 0 0 1 7
1 0 - 3 0 5 0 - 10 0 0 0 4 6 0 0 2 0 0 0 0 2 0 0 0 1 0 06 8 0 03 5 0 0 0 3
1 0 - 3 0 10 0 - 1 5 0 0 0 5 6 0 0 1 7 0 0 0 2 0 0 0 1 0 . 0 5 2 0 0 2 8 0 0 03
1 0 - 3 0 1 5 0 - 2 0 0 0 0 4 5 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 7 0
. 0 0 0
1 0 - 3 0 2 0 0 - 4 0 0 0 0 3 2 0 0 1 0 0 0 0 1 0 0 0 0 0 0 3 3 0 0 1 6 0 0 0 1
1 0 - 3 0 > 4 0 0 0 0 2 2 0 0 0 2 0 0 0 1 0 0 0 0 0 0 3 4 0 0 1 6 0 0 0 1
> 3 0 5 0 - 10 0 0 0 1 9 0 0 0 1 0 0 0 1 0 0 3 5 0 0 1 8 0 0 0 1
> 3 0 20 0 - 4 0 0 0 0 2 9 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 6 0 . 0 0 0
< 0 2 5 < 1 5 0 3 4 9 0 0 1 0 0 58 5 0 0 2 2 12 5 6 7 2 2 6 5 4 3 8 8
< 0 2 5 1 5 - 3 . 0 0 3 2 4 0 . 0 0 3 0 . 2 0 8 0 . 0 1 9 4 4 8 5 0 . 8 8 9 1 . 4 5 5
< 0 2 5 3 0 - 5 0 0 2 4 3 0 0 4 9 0 0 4 4 0 0 1 0 0 9 4 6 0 2 7 4 0 2 3 0
< 0 2 5 5 0 - 10 0 0 1 1 4 0 02 3 0 0 3 9 0 0 0 6 0 82 8 0 1 2 6 0 0 9 5
< 0 2 5 10 0 - 1 5 0 0 1 3 4 0 0 2 0 0 0 1 2 0 0 0 3 0 2 4 8 0 0 5 9 0 . 0 3 3
< 0 2 5 1 5 0 - 2 0 0 0 0 9 0 0 00 3 0 0 0 6 0 0 0 2 0 12 7 0 0 3 1 0 0 1 1
< 0 2 5 2 0 0 - 4 0 0 0 12 4 0 0 2 5 0 0 0 9 0 0 0 2 0 1 9 8 0 0 3 9 0 . 0 2 5
< 0 2 5 > 4 0 0 0 0 8 6 0 0 2 7 0 0 0 3 0 0 0 1 0 06 2 0 0 2 0 0 . 0 0 5
0 3 - 1 0 < 1 5 0 3 5 8 0 0 0 8 0 0 1 3 0 0 0 5 0 2 8 3 0 1 2 7 0 10 1
0 . 3 - 1 0 1 5 - 3 0 0 3 3 8 0 . 0 0 6 0 . 0 1 3 0 0 0 5 0 2 9 0 0 1 2 9 0 . 0 9 8
0 3 - 1 0 3 0 - 5 0 0 2 8 8 0 0 2 1 0 0 1 1 0 0 0 5 0 2 2 9 0 1 0 9 0 . 0 6 6
0 3 - 1 0 5 0 - 1 0 0 0 1 4 2 0 0 3 2 0 0 2 1 0 0 0 4 0 4 4 8 0 0 4 9 0 0 6 3
0 3 - 1 0 1 0 0 - 1 5 0 0 1 1 6 0 0 3 3 0 0 0 6 0 0 0 2 0 12 3 0 0 3 4 0 . 0 1 4
0 3 - 1 0 1 5 0 - 2 0 0 0 0 8 4 0 0 0 9 0 0 0 3 0 0 0 1 0 0 7 0 0 0 2 1 0 0 0 6
0 3 - 1 0 2 0 0 - 4 0 0 0 1 0 1 0 0 3 5 0 0 0 3 0 0 0 1 0 0 6 5 0 0 1 8 0 0 0 7
0 3 - 1 0 > 4 0 0 0 0 5 3 0 0 2 5 0 0 0 3 0 0 0 1 0 0 7 3 0 0 2 0 0 00 4
1 0 - 3 0 1 5 - 3 0 0 2 6 2 0 0 0 4 0 0 0 2 0 0 7 6 0 0 4 2 0 0 2 0
1 0 - 3 0 3 0 - 5 0 0 1 8 9 0 0 7 2 0 0 0 7 0 0 0 3 0 14 2 0 0 7 7 0 0 2 7
1 0 - 3 0 5 0 - 10 0 0 0 4 5 0 0 2 3 0 0 0 3 0 0 0 1 0 0 6 3 0 0 2 7 0 0 0 3
1 0 - 3 0 10 0 - 1 5 0 0 0 4 6 0 0 1 5 0 00 2 0 0 0 1 0 0 4 3 0 0 2 1 0 0 0 2
1 0 - 3 0 1 5 0 - 2 0 0 0 0 3 8 0 0 0 2 0 00 1 0 0 0 0 0 0 1 7 0 0 0 9 0 . 0 0 1
1 0 - 3 0 2 0 0 - 4 0 0 0 0 2 7 0 00 6 0 0 0 3 0 0 0 1 0 0 5 4 0 0 1 8 0 0 0 1
1 0 - 3 0 > 4 0 0 0 0 2 1 0 0 0 2 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 8 0 0 0 0
> 3 0 1 0 0 - 1 5 0 0 0 3 5 0 0 0 1 0 0 0 0 0 0 1 7 0 0 0 8 0 0 0 1
> 3 0 1 5 0 - 2 0 0 0 0 3 5 0 00 1 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
> 3 0
> 3 0
2 0 0 - 4 0 0





0 0 0 1
0 . 0 0 1
0 00 0
0 . 0 0 0
0 0 1 1
0 . 0 1 1
0 0 0 8
0 00 7
0 0 0 0
0 0 0 0
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p la n t z o n e d ia m e t e r
i/ j m )
le n g t h (j j m ) p u l
d e p o s it
f r a c t io n
p u l
f r a c t io n
s t d e v
c e l l
p r o p
c e l l p r o p
S t d e v
P C M
f a c t o r
P C M
f a c t o r
s t d e v
p u l
d e p o s it i o n
f a c t o r
< 0 2 5 < 1 5 0 3 5 0 0 0 1 2 0 4 62 0 0 1 9 5 3 8 4 0 6 9 9 1 8 8 5
< 0 2 5 1 5 - 3 0 0 3 2 4 0 0 0 4 0 1 9 7 0 0 1 5 2 2 9 6 0 3 3 7 0 7 4 3
< 0 2 5 3 0 - 5 0 0 2 4 1 0 0 5 0 0 0 9 4 0 0 1 1 1 0 9 2 0 19 4 0 2 6 4
< 0 2 5 5 0 - 10 0 0 1 1 5 0 0 2 4 0 0 5 9 0 0 0 8 0 68 6 0 1 0 6 0 0 7 9
< 0 2 5 1 0 0 - 1 5 0 0 13 1 0 02 4 0 . 0 1 2 0 . 0 0 3 0 14 0 0 0 4 0 0 0 18
< 0 2 5 1 5 0 - 2 0 0 0 0 9 0 0 00 2 0 00 3 0 0 0 1 0 0 3 1 0 0 1 0 0 0 0 3
< G 2 5 2 0 0 - 4 0 0 0 1 1 8 0 0 2 4 0 0 0 6 0 0 0 1 0 0 6 6 0 0 1 6 0 0 0 8
< 0 2 5 > 4 0 0 0 09 1 0 0 2 9 0 0 0 1 0 0 0 1 0 0 1 3 0 0 0 6 0 0 0 1
0 3 - 1 0 < 1 5 0 3 5 7 0 0 0 8 0 0 1 3 0 0 0 4 0 1 5 6 0 0 5 7 0 0 5 6
0 3 - 1 0 1 5 - 3 0 0 33 6 0 0 1 0 0 0 3 6 0 0 0 7 0 4 2 0 0 1 0 0 0 1 4 1
0 3 - 1 . 0 3 0 - 5 0 0 2 5 5 0 0 3 3 0 0 3 0 0 0 0 7 0 3 4 7 0 09 0 0 0 88
0 3 - 1 0 5 0 - 1 0 0 0 14 3 0 0 3 3 0 0 4 7 0 0 0 7 0 5 4 3 0 04 5 0 0 7 8
0 3 - 1 0 1 0 0 - 1 5 0 0 12 8 0 03 2 0 0 1 4 0 0 0 4 0 1 6 7 0 0 3 6 0 0 2 1
0 3 - 1 0 1 5 0 - 2 0 0 0 0 8 7 0 0 0 7 0 0 0 2 0 0 0 1 0 0 2 8 0 0 0 9 0 0 0 2
0 3 - 1 0 2 0 0 - 4 0 0 0 1 1 1 0 0 3 7 0 0 0 4 0 0 0 1 0 0 4 8 0 0 14 0 0 0 5
0 3 - 1 0 > 4 0 0 0 . 0 5 2 0 0 2 1 0 0 0 3 0 0 0 1 0 . 0 3 0 0 0 1 0 0 . 0 0 2
1 0 - 3 0 3 0 - 5 0 0 15 9 0 00 2 0 0 0 1 0 0 2 9 0 0 1 6 0 0 0 5
1 0 - 3 0 5 0 - 10 0 0 0 4 5 0 0 2 3 0 0 0 6 0 0 0 2 0 0 7 2 0 02 3 0 0 03
1 0 - 3 0 1 0 0 - 1 5 0 0 0 4 1 0 0 2 2 0 0 0 2 0 0 0 1 0 0 2 9 0 0 1 5 0 0 0 1
1 0 - 3 . 0 1 5 0 - 2 0 0 0 0 3 9 0 00 6 0 0 0 2 0 0 0 1 0 0 2 1 0 0 0 8 0 0 0 1
1 0 - 3 0 2 0 0 - 4 0 0 0 0 2 8 0 0 0 7 0 0 0 2 0 0 0 1 0 0 2 8 0 0 0 9 0 0 0 1
1 0 - 3 . 0 > 4 0 0 0 02 2 0 00 3 0 0 0 1 0 0 0 0 0 0 08 0 0 0 5 0 0 0 0
> 3 0 5 0 - 1 0 0 0 0 0 1 0 0 0 1 0 0 1 4 0 00 7 0 0 0 0
> 3 0 1 0 0 - 1 5 0 0 0 4 1 0 0 0 1 0 0 0 1 0 0 1 5 0 00 8 0 0 0 1
> 3 0 1 5 0 - 2 0 0 0 0 4 1 0 0 00 0 0 0 1 0 0 0 0 0 . 0 0 6 0 00 3 0 0 00
> 3 0 2 0 0 - 4 0 0 0 0 2 9 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 5 0 00 4 0 0 00
8 > 3 0 > 4 0 . 0 0 0 1 8 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0
p u l d e p o s i t fr a c t i o n
p u l fr a c t i o n s t de v
c e l l p r o p
c e l l p r o p s t d e v
PC M f a c to r
P C M f a c t o r s t d e v
p u l d e p o s i t i o n f a c t o r
m e a n p u l m o n a r y d e p o s i t i o n fr a c t i o n
m e a n p u l m o n a r y d e p o s i t i o n f r a c t i o n s ta n d a r d d e v i a t i o n
c e l l p r o p o r t i o n
c e l l p r o p o r t i o n s t a n d a r d d e v i a t i o n
P C M a dj u s tm e n t f a c t o r
P C M a dj u s tm e n t f a c t o r s t a n d a r d d e v i a t i o n
P u lm o n a r y d e p o s i t i o n f a c to r (f i b e r s d e p o s i t e d / u n i t P C M )
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A P P E N D I X F
N A SO PH A R Y N G E A L D E P O S I T I O N F A C T O R S B Y P L A N T A N D Z O N E
P la n t Z o n e N A S O D e p o s i t io n F a c t o r
P la n t i Z o n e l 1 7 2 2
P la n t i Z o n e 2 1 69 0
P la n t i Z o n e s 1 6 3 1
P la n t i Z o n e 4 1 8 8 2
P la n t i Z o n e s 1 5 1 6
P la n t i Z o n e 6 1 4 4 4
P la n t i Z o n e ? 1 6 3 5
P la n t i 1 6 4 6
P la n t 2 Z o n e l 1 4 8 1
P la n t 2 Z o n e 2 1 5 5 8
P la n t 2 Z o n e s 1 9 0 1
P la n t 2 Z o n e 4 1 8 9 7
P la n t 2 Z o n e s 2 00 0
P la n t 2 Z o n e 6 1 7 2 4
P la n t 2 Z o n e ? 2 4 6 7
P la n t 2 1 86 1
P la n t s Z o n e l 2 6 4 2
P la n t s Z o n e 2 2 38 5
P la n t s Z o n e s 2 9 0 5
P la n t s Z o n e 4 1 82 8
P la n t s Z o n e s 2 4 2 2
P la n t s Z o n e 6 3 4 0 4
P la n t s Z o n e ? 2 1 2 1
P la n t s Z o n e s 1 4 9 7
P la n t s 2 4 0 0
N A SO D e p o s i t i o n F a c t o r N a s o p h a r y n g e a l D e p o s i t i o n F a c t o r (fi b e r s d e p o s i t e d / u n i t P C M )
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A P P E N D IX G
T R A C H E O B R O N C H IA L D E P O SI T I O N F A C T O R S B Y P L A N T A N D Z O N E
P la n t Z o n e T R A C H D e p o s it i o n F a c t o r
P la n t i Z o n e 1 0 60 8
P la n t i Z o n e 2 0 5 5 7
P la n t i Z o n e s 0 5 3 3
P la n t i Z o n e 4 0 6 1 6
P la n t i Z o n e s 0 4 7 1
P la n t i 2 o n e 6 0 4 8 9
P la n t i Z o n e 7 0 50 2
P la n t i 0 5 3 9
P la n t2 Z o n e l 0 5 2 7
P la n t2 Z o n e 2 0 4 4 6
P la n t2 Z o n e s 0 60 4
P la n t2 Z o n e 4 0 65 8
P l a n t2 Z o n e s 0 7 3 8
P l a n t 2 Z o n e 6 0 5 4 9
P la n t2 Z o n e 7 0 99 2
P l a n t2 0 6 4 5
P la n t s Z o n e l 1 0 0 7
P la n t s Z o n e 2 0 8 5 9
P la n t s Z o n e s 1 0 1 9
P la n t s Z o n e 4 0 58 4
P la n t s Z o n e s 0 8 0 1
P la n t s Z o n e 6 1 30 4
P la n t s Z o n e 7 0 7 7 8
P la n t s Z o n e 8 0 . 4 8 0
P la n t s 0 8 5 4
T R A C H D e p o s i t i o n F a c t o r T r a c h e o b r o n c h i a l D e p o s i t i o n F a c t o r ( f i b e r s d e p o s i t e d / u n i t P C M )
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A P P E N D I X H
P U L M ON A R Y D E P O SI T I O N F A CT O R S B Y P L A N T A N D Z O N E
P la n t Z o n e P U L D e p o s i t i o n F a c t o r
P la n t i Z o n e 1 5 0 7 7
P la n t i Z o n e 2 4 3 8 6
P la n t i Z o n e s 4 0 5 6
P la n t i Z o n e 4 4 . 6 5 8
P la n t i Z o n e s 3 4 4 4
P la n t i Z o n e 6 4 12 3
P la n t i Z o n e 7 3 4 4 2
P la n t i 4 1 7 0
P la n t2 Z o n a l 4 5 0 2
P la n t 2 Z o n e 2 2 8 89
P la n t 2 Z o n e 3 4 . 3 1 2
P la n t 2 Z o n e 4 5 3 6 8
P la n t 2 Z o n e 5 6 4 6 3
P ia n t 2 Z o n e 6 3 93 3
P la n t 2 Z o n e 7 9 6 6 8
P la n t Z 5 . 3 0 5
P la n t s Z o n a l 8 5 9 0
P la n t s Z o n e 2 7 26 5
P la n t s Z o n e s 7 3 2 7
P la n t s Z o n e 4 4 0 1 6
P la n t s Z o n e 5 5 66 0
P la n t s Z o n e 6 1 1 1 2 7
P la n t s Z o n e ? 6 6 5 6
P la n t s Z o n e s 3 4 0 6
P la n t s 6 7 5 6
PU L D e p o s i t i o n F a c t o r P u l m o n a r y D e p o s i t i o n F a c t o r (f i b e r s d e p o s i t e d / u n i t P C M )
